Importance of the domain-domain interface to the catalytic action of the NO synthase reductase domain.
Calmodulin (CaM) activates NO synthase (NOS) by binding to a 20 amino acid interdomain hinge in the presence of Ca (2+), inducing electrons to be transferred from the FAD to the heme of the enzyme via a mobile FMN domain. The activation process is influenced by a number of structural features, including an autoinhibitory loop, the C-terminal tail of the enzyme, and a number of phosphorylation sites. Crystallographic and other recent experimental data imply that the regulatory elements lie within the interface between the FAD- and FMN-binding domains, restricting the movement of the two cofactors with respect to each other. Arg1229 of rat neuronal NOS is a conserved residue in the FAD domain that forms one of only two electrostatic contacts between the domains. Mutation of this residue to Glu reverses its charge and is expected to induce an interdomain repulsion, allowing the importance of the interface and domain-domain motion to be probed. The charge-reversal mutation R1229E has three dramatic effects on catalysis: (i) hydride transfer from NADPH to FAD is activated in the CaM-free enzyme, (ii) FAD to FMN electron transfer is inhibited in both forms, and (iii) electron transfer from FMN to the surrogate acceptor cytochrome c is activated in the CaM-free enzyme. As a result, during steady-state turnover with cytochrome c, calmodulin now deactivates the enzyme and causes cytochrome c-dependent inhibition. Evidently, domain-domain separation is large enough in the mutant to accommodate another protein between the cofactors. The effects of this single charge reversal on three distinct catalytic events illustrate how each is differentially dependent on the enzyme conformation and support a model for catalytic motion in which steps i, ii, and iii occur in the hinged open, closed, and open states, respectively. This model is also likely to apply to related enzymes such as cytochrome P450 reductase.